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(54) SOLUTION FOR FORMING THIN OXIDE FILM 

(57)Abstract 

PROBLEM TO BE SOLVED: To improve the preservation stability and to prevent the formation of a precipitate even when a soln. is 
preserved for a long period by incorporating the respective carboxylates of La, Sr and Co into an org. solvent in a specified molar ratio 
and further specifying the concns. of the respective metals and the water content of the soln. 

SOLUTION: Respective carboxylates of La, Sr and Co are incorporated into an org. solvent in a molar ratio corresponding to LaxSrl- 
xCo03 (where 0.1<x<0.6). The content of La is controlled to <8 wt.%, that of Sr to <10 wt.% and that of Co to <10 wt.%, and the water 
content is controlled to <1 wt.% to prepare a soln. for forming the thin film of an LaSrCo multiple oxide. The soln. is applied on a 
substrate and heated to form a thin oxide film. The thin oxide film is heat-treated and crystallized to form the thin film of the LaSrCo 
multiple oxide having a perovskite structure. A hydrocarbonic solvent immiscible with water is preferably used as the org. solvent. 
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This document has been translated by computer. So the translation may not reflect the original precisely. 
.**** shows the word which can not be translated. 
.In the drawings, any words are not translated. 



CLAIMS 



Claim(s)] 

Claim 1] the inside of an organic solvent — each of a lanthanum, strontium, and cobalt — the solution for LaSrCo multiple oxide thin 
ilm formation which consists of a solution which contains carboxylate by the mole fraction corresponding to formula:Lax Sr1-x Co 03 
3.1<=x<=0.6), and is characterized by for the concentration of each metal in a solution being less than [ La:8 % of the weight ], less 
han [ Sr:10 % of the weight ], and less than [ Co:10 % of the weight ], and the moisture concentration of a solution being 1 or less % of 
he weight. 

Claim 2] The membrane formation approach of a LaSrCo multiple oxide thin film including the process which applies the solution for 
hin film formation of claim 1 to a base, the process which heats a paint film and forms an oxide thin film, and the process which heat- 
reats the obtained oxide thin film and is crystallized. 

Claim 3] The LaSrCo multiple oxide thin film with the perovskite crystal structure formed from the solution for oxide thin film 
ormation according to claim 1. 
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iETAILED DESCRIPTION 



Detailed Description of the Invention] 
D001] 

Field of the Invention] This invention is the multiple oxide of the perovskite crystal structure containing a lanthanum, strontium, and 
obalt (a LaSrCo multiple oxide or LSCO, and brief sketch) It is related with the membrane formation approach of an oxide thin film 
nd the obtained oxide thin film using the solution for oxide thin film formation for forming a thin film with a wet method, i.e., a sol-gel 
lethod, and this solution. The formed oxide thin film is useful although the thin film for electrodes of semiconductor memory, such as 
srroelectric nonvolatile memory, is formed. 
D002] 

Description of the Prior Art] DRAM currently used for the current Lord as rewritable memory is volatile memory, it is necessary to 
ass a current periodically because of storage maintenance, and it has been a problem from the environmental side that power 
consumption is large. Then, it is nonvolatile, since storage can be held for a long period of time, there is little power consumption, and 
he ferroelectric random-access memory which is compatible with DRAM attracts attention. Ferroelectric random-access memory 
eplaces the capacitor part of DRAM with a ferroelectric thin film, and gives a memory storage function to this thin film using the 
lysteresis phenomenon of the spontaneous polarization of a ferroelectric. PZT (PbZrx Ti1-x 03, 0< x<1) with large spontaneous 
•olarization as a ferroelectric thin film material of this ferroelectric random-access memory etc. — the perovskite mold oxide 
igredient and the stratified superlattice mold oxide ingredient are suitable. 

0003] In order to form the thin film of these oxide ingredients, heat treatment in an oxidizing atmosphere is needed for crystallization. 
i that case, a front face oxidizes that a lower electrode is the usual metal, and a device property deteriorates remarkably. Therefore, 
table platinum is conventionally used as an electrode material chemically. 

0004] since [ however, ] platinum has the trouble that the adhesion with Si02 which is not good is bad — ruthenium oxide (Ru02) etc. 
— the oxide electrode which consists of a noble-metals oxide has come to be tried as an electrode of nonvolatile memory. It is said 
hat an oxide electrode can improve the fatigue resistance of this thin film remarkably when the oxygen deficiency of the ferroelectric 
hin film which is the memory ingredient of a ferroelectric can be prevented. 

0005] as the ingredient of such an oxide electrode — Jpn.J.Appl.Phys.Vol. — 37 (1998) and pp.L936-38 **** — MgO Forming the 
>ZT ferroelectric capacitor thin film which used upwards the electrode which consists of a LaSrCo multiple oxide with a sol-gel 
nethod is reported. The solution of commercial 0.25 M concentration is used for membrane formation of a LaSrCo multiple oxide. 
0006] Unlike the gaseous-phase forming-membranes methods, such as the sputtering method, the laser ablation method, and reactant 
'acuum deposition, in addition to the advantage that it is easy and suitable for mass production, presentation control of the film is easy 
or the wet forming- membranes methods, such as a sol-gel method, and they have the features that membrane formation thickness is 
;omparatively uniform. 
0007] 

Problem(s) to be Solved by the Invention] However, the sol-Ringer's injection for LaSrCo multiple oxide membrane formation by which 
;urrent marketing is carried out has low preservation stability, and precipitate is produced in about one month. If the solution which 
>roduced precipitate even when it was very small is used, the electrical property of the obtained film becomes heterogeneous, and 
;ince the dependability of a product is spoiled greatly, it cannot but discard. Therefore, there was much futility and an improvement of 
he preservation stability of a solution was desired. This invention makes it a technical problem to offer the solution for oxide thin film 
brmation for LaSrCo multiple oxide membrane formation which does not produce precipitate even if preservation stability improves 
emarkably from elegance conventionally, for example, it carries out a mothball. 
0008] 

Means for Solving the Problem] As a result of repeating examination that the above-mentioned technical problem should be solved, 
his invention persons used carboxylate as a source of supply of each metal, are restricting the atomic ratio of La and Sr. and the 
>oncentration and moisture concentration of each metal carboxylate in a solution, knew that the above-mentioned technical problem 
vould be solvable, and completed this invention. 

0009] A lanthanum, strontium, and cobalt this invention each in an organic solvent here carboxylate Formula : It consists of a solution 
contained by the mole fraction corresponding to Lax Sr1-x Co 03 (0.1<=x<=0.6). It is the solution for LaSrCo multiple oxide thin film 
brmation characterized by for the concentration of each metal in a solution being less than [ La:8 % of the weight ], less than [ Sr.10 % 
>f the weight], and less than [ Co:10 % of the weight], and the moisture concentration of a solution being 1 or less % of the weight. 
|0010] According to this invention, the membrane formation approach of the oxide thin film which includes the process which applies 
he above-mentioned solution for oxide thin film formation to a base, the process which heats a paint film and forms an oxide thin film, 
and the process which heat-treats the obtained oxide thin film and is crystallized again is offered. Moreover, the thin film of a LaSrCo 
nultiple oxide with the perovskite crystal structure formed from the above-mentioned solution for oxide thin film formation is also 
>ffered by this invention. 
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1011] 

irnbodiment of the Invention] The thin film formed with the solution for oxide thin film formation of this invention is a multiple oxide 
Dntaining La, and Sr and Co. (namely, a LaSrCo multiple oxide or LSCO) It is a thin film. This multiple oxide may be contained if other 
letallic elements are little in addition to La, Sr, and Co. Ce, Pr, Nb, Rh, and Ir are mentioned as an example of other metallic elements 
which are made to contain and it deals. 

)012] Since a LaSrCo multiple oxide is generally the conductive ingredient of low resistance, the thin film of this multiple oxide may 
motion as an oxide electrode. However, especially the application of a thin film is not restricted in this invention. It can also be used 
>r other applications [ say / the barrier layer made to intervene between an electrode and a ferroelectric capacitor in addition to an 
lectrode ]. 

)013] As for a desirable multiple oxide, a metallic element serves as La only from Sr and Co. such a multiple oxide — general — Lax 
r1-x Co 03 (0< x<1) — although it can express with a formula — this invention — x values — 0.1-0.6 It considers as the range, x 
alues are 0.1. The following or 0.6 super-******, and the storage stability of liquid fall, and it becomes easy to generate precipitate 
uring storage. In addition. Lax Sr1-x Co 03 Generally in the film, the surface electrical resistance of a thin film is changed by 
uctuation of x values within the limits of 10-4 - a 10-1 ohm-cm base. 

)014] The solution for oxide thin film formation of this invention contains each metal which constitutes the multiple oxide which should 
>rm membranes, i.e., the oxide precursor of La, Sr, and Co**. An oxide precursor is a compound which changes with heating to an 
xide. As this common kind of an oxide precursor, although a metal alkoxide, a metal acetylacetonato complex, metal carboxylate, etc. 
re often used, by this invention, carboxylate is used about both La, and Sr and Co. If an alkoxide and an acetylacetonato complex are 
sed, it will become easy to generate precipitation during liquid storage. 

301 5] Although especially the carboxylate used as an oxide precursor of each metal is not restricted, the salt of the carboxylic acid of 
arbon numbers 1-10, for example, acetate, propionate, butyrate, a hexane salt, 2-ethyl hexane salt, an octanoic-acid salt a decanoic- 
cid salt, etc. are desirable. It is 2-ethyl hexanoic-acid salt which pyrolyzes especially desirable carboxylate at low temperature 
omparatively about every metal of La, Sr. and Co. 

301 6] The oxide precursor of each metal of a raw material, i.e., each carboxylate of La, and Sr and Co, (the oxide precursor of other 
letals can also be used by the case) Predetermined metal atomic ratio (namely, shown by Lax Sr1-x Co 03 x within the limits of 0.1- 
!.6) If it is made to dissolve in a suitable organic solvent by the mole ratio to produce, the solution for oxide thin film formation will be 
•btained. 

0017] Although the solvent of water miscibilities, such as alcohol and a ketone, can also be used as an organic solvent an organic 
olvent of water immiscibility like a hydrocarbon system solvent is desirable. As an example of a desirable organic solvent, aliphatic 
eries or alicyclic hydrocarbon, such as aromatic hydrocarbon, such as benzene, toluene, and a xylene, a hexane, an octane, and a 
yclohexane, etc. are mentioned. 

0018] Only by dissolving the metal carboxylate of a raw material in an organic solvent by the predetermined ratio, the obtained 
solution is lacking in stability, and precipitate generates it within a short period of time, and it becomes impossible however, to use it 
or membrane formation. Therefore, in this invention, the concentration and moisture concentration of each metallic compounds in a 
solution are restricted. That is, as a content of metal conversion, La in a solution and concentration of each carboxylate of Sr and Co 
ire made into less than [ La:8 % of the weight ], less than [ Sr.10 % of the weight ], and less than [ Co:10 % of the weight ], and the 
noisture concentration of a solution carries out them to 1 or less % of the weight This metal concentration is less than [ La:2 % of the 
veight ], less than [ Sr:3 % of the weight ], and less than [ Co:3 % of the weight] preferably. The moisture concentration in a solution is 
).5 preferably. It carries out to below weight %. If either of each metal concentration or moisture concentration in a solution exceeds 
:he above-mentioned upper limit the stability of a solution will fall and a mothball will become difficult. 

0019] The concentration of each metal carboxylate is the amount of the organic solvent used, (namely, dilution by the organic solvent) 
t can adjust easily. About moisture, since the metal carboxylate of a raw material generally has water of crystallization, the solution 
vhich dissolved this contains the moisture originating in the water of crystallization of carboxylate. Furthermore, when an organic 
;olvent is a solvent with a high water miscibility like alcohol or a ketone, if it is left, the moisture in air will be absorbed and the 
noisture concentration of a solution will increase. Therefore, the moisture mixed into a solution by such cause will be removed. 
*0020] What is necessary is to heat under reduced pressure preferably and for evaporation or distillation just to remove water, after 
iissolving the metal carboxylate of a raw material in an organic solvent, in order to remove the moisture introduced by the water of 
crystal I ization' etc. into a solution from the metal carboxylate of a raw material and to dehydrate a solution. In this case, as an organic 
solvent, it is more desirable than water that the boiling point uses a high thing, the case where an organic solvent is water immiscibility 
although it may be performed making this heating condense without flowing back — reflux heating (that is, the organic solvent which 
•emains after separating water from a distillate is flowed back — making) It can also carry out Heating time is set up so that moisture 
•nay be removed nearly completely. 

|0021] Thus, the solution of the dehydrated metal carboxylate is diluted with an organic solvent if needed, and concentration is 
adjusted. The organic solvent used for the dissolution and dilution of a raw material of metal carboxylate has the desirable thing of 
water immiscibility, as mentioned above. It is because the organic solvent of the water miscibility represented with alcohol tends to 
absorb moisture during preservation and use and a solution tends to become unstable. 

[0022] The solution for oxide thin film formation concerning this invention can be saved at stability, without producing precipitate 
substantially over the long period of time beyond several months thru/or one year, or it if sealed and saved. Therefore, according to a 
sol-gel method, the thin film of a LaSrCo multiple oxide can be easily formed using this solution. 

[0023] Membrane formation actuation is the same as that of the conventional sol-gel method, and is good. First the above-mentioned 
solution is applied on a base. Although spreading is usually performed with a spin coat method, other applying methods, such as roll 
soating, spraying, immersion, and a doctor blade, are applicable. A paint film is dried after spreading if needed, and a solvent is removed, 
although this drying temperature changes also with classes of solvent — usually — 80 - 200 ** extent — it is — for example, — It is 
good in the range of 100 - 180 **. However, since a solvent is removed in the temperature up in the case of heating for making it 
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o'nvert into the following metallic oxide, the desiccation process of a paint film is necessarily unnecessary. 

D024] Then, heat the applied base, the metallic compounds of a precursor are made to convert into a metallic oxide, and the film which 
onsists of a metallic oxide is formed. Although especially a heating ambient atmosphere is not restricted, it is usually air. Generally it 
; heating temperature. It is the range of 300 - 400 **. and heating time is a 1 - 15-minute about room. 

D025] When not becoming thickness required of one spreading, it is the above-mentioned spreading, (desiccation) Heating is repeated 
nd the film of the metallic oxide of desired thickness is obtained. In this way. since the obtained film is amorphous, or its crystallinity 
; inadequate and its conductivity is inadequate, it is not suitable for using it as an electrode. 

D026] Therefore, finally, it heat-treats at the temperature beyond the crystal lization temperature of the metallic oxide, and considers 
s the metallic-oxide thin film of a crystalline substance with the crystal structure of a perovskite mold. In addition, although heat 
reatment for crystallization finally may not be performed by once but you may carry out after the above-mentioned heating for every 
ach applied paint film, it is economically more advantageous to carry out by collecting at the end, since it is necessary to repeat heat 
reatment in an elevated temperature repeatedly. 

3027] The heat treatment temperature for this crystallization is usual. It is the range of 650 - 800 **. The heat treatment time amount 
or crystallization is usually 1 minute - about 1 hour, and although especially a heat treatment ambient atmosphere is not restricted, it 
> usually air. 

0028] Thus, although the thin film of the formed LaSrCo multiple oxide is useful as the oxide electrode and barrier layer of a 
srroelectric RAM as mentioned above for example, since it is excellent in conductivity, an application is not restricted to this. 
0029] 

Example] 2-ethyl hexanoic-acid lanthanum and 2-ethyl hexanoic-acid strontium which have water of crystallization, respectively, and 
-ethyl hexanoic-acid cobalt were dissolved in the xylene at a rate which produces a predetermined metal atomic ratio, and the 
olution of 10 % of the weight of solid content was prepared. It is under reduced pressure of 100 Torr, stirring this solution by the 
tirrer in an eggplant flask. It heated and condensed by 1 10 - 120 **, and moisture was removed. Heating time was changed and the 
olution with which moisture concentration differs was obtained. After cooling the obtained concentration liquid radiationally to a room 
emperature, it diluted with the xylene to predetermined concentration, and the solution for LaSrCo multiple oxide film formation was 
•btained. The moisture concentration of the obtained solution was measured by Karl Fischer titration. 

0030] Each solution was sealed in the glass bottle, and was kept for three months at the room temperature, and the existence of 
■recipitate generating after storage was observed visually. About a result, they are La in a solution, Sr. and cobalt group conversion 
:oncentration. (it analyzes by the ICP method) And with moisture concentration, it is shown in Table 1. In Table 1. the underline 
ection is the value of this invention out of range. 

0031] Each solution before storage was used and the oxide thin film shown by formula:La0.5Sr0.5CoO3 of perovskite type structure on 
i silicon substrate with an oxide film was formed. Membrane formation is in the air after applying a solution with a spin coat method. 
)esiccation for [ 300 degree-Cx ] 3 minutes It is in air to a crystallization sake in the last after forming an oxide thin film with heating 
or [ 450 degree-Cx ] 10 minutes and repeating this actuation a total of 3 times. It carried out by performing heat treatment for [ 750 
legree-Cx ] 30 minutes. The result of having measured the surface electrical resistance of the obtained oxide thin film is also written 
ogether to Table 1. 
0032] 
Table 1] 
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0033] As shown in Table 1. precipitate did not occur that the concentration of each carboxylate of La, Sr, and Co in a solution was 
' moisture concentration ] 1 or less % of the weight in less than [ La:8 % of the weight], less than [ Sr10 % of the weight ], and less 
:han [ Co:10 % of the weight ] during three-month storage, but the solution was able to be saved at stability for a long period of time. 
Vhen such concentration exceeded at least one upper limit the stability of a solution falls, and precipitate had occurred and it was 
mpossible on the other hand, to use a solution during the storage which is three months, as shown in the example of a comparison. 
'0034] x values about surface electrical resistance 0.1-0.6 It turns out that the oxide thin film of enough low resistance is obtained by 
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fHhin the limits. In addition, although surface electrical resistance was measured also about the oxide thin film which formed 
lembranes similarly about the example of this invention using the solution after three-month neglect surface electrical resistance was 
aving been shown in Table 1, and this level. 
303 5] 

Effect of the Invention] Stability is improved by this invention and the solution for LaSrCo multiple oxide thin film formation in which 
rolonged preservation is possible is obtained, without producing precipitate. Even after keeping this solution at a long period of time, it 
an form the same LaSrCo multiple oxide Film of low resistance as storage before. Therefore, by this invention, a wet method enables it 
:> stabilize a LaSrCo multiple oxide thin film and to form membranes, and membranous dependability increases. Moreover, the futility of 
n expensive solution decreases and membrane formation cost falls. 
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